INTRODUCTION
The link between dental infections and systemic disease has received increasing attention in recent years. This relates particularly to carotid and coronary atherosclerotic disease, [1] [2] [3] [4] [5] [6] and both infective [7] [8] [9] [10] and immunological [11] [12] [13] mechanisms have been suggested. Less attention would appear to have been paid to possible mechanistic links between neuropsychiatric and dental illness. 14, 15 Addiction has long been an important source of health impairment globally. Indeed in 2007, the United Nations Offi ce of Drugs and Crime (UN ODC) estimated that the annual global prevalence of illicit drug use was 200 million people (4.8% of the global population), the monthly prevalence was 110 million (2.6%), and that problem drug use was experienced by 25 million people (0.6%). 16 Annual prevalence rates of cannabis use were 158 million and for opiates 15.6 million people. Despite increasing interdiction efforts, 16 addiction, particularly to intravenous drugs, carries important associations with the spread of blood-borne viral (BBV) diseases including HIV and hepatitis B and C, 17 and is an important focal point both for criminal and terrorist activity. 16 While certain disorders are well recognised to occur at higher rates in patients with substance use dependence (SUD), such as BBV and tuberculosis, a full statement of the illnesses occurring with increased frequency in this group is distinctly compendious 18 and reads not unlike a list of the disorders of old age. 19 The greatly elevated mortality rate associated with the disorders of substance dependence is also well known and well documented. [20] [21] [22] [23] [24] [25] In the process of examining the agedependent prevalence of psychopathology including psychoses in our own drug-dependent patients, we noted that the age-dependent profi le of such disorders was very different in a group of addicted patients compared to medical controls, with the drug-dependent group developing more psychopathologies more rapidly and with greater severity than the medical controls. 26 Drug-dependent patients develop a wide variety of disorders in addition to the infective and neuropsychiatric diseases for which they are well known, and these appear similar to the disorders of old age. 19 Moreover, this multisystem dysfunction, which includes severe coronary artery disease, pulmonary fi brosis and nephrosclerosis, has been shown to follow a greatly accelerated time course. 27 Addiction is of course well known to be associated with greatly elevated
• This suggests that such disorders may share common aetiopathological pathways such as common risk factors between the two sets of pathologies.
I N B R I E F

RESEARCH
Background Recent clinical studies suggest that substance use may be associated with an acceleration of the ageing process, possibly related to a defi cit of stem cell number or function. As this clinic had access to both medical and drug dependent patients, we tested the hypothesis that there may be an association between previously identifi ed defi cits. Methods A cross-sectional survey was performed looking at both dental and mental dysfunction. Both a dental index (DI) and a mental index (MI) were defi ned as previously described and utilised as summary measures of such pathology. Findings From 249 substance use disorder (SUD) and 134 general medical controls (N-SUD), 248 and 91 patients were selected with ages less than 57 years as the primary focus of analysis. The mean (± S.D.) ages (32.59 ± 7.98 vs 35.65 ± 15.45 years) were similar. The DI was found to correlate with the MI in a signifi cant manner in SUD (R = 0.14, p = 0.03), N-SUD (R = 0.27, p = 0.009) and in the whole group (R = 0.17, p = 0.001). The (univariate) association of MI with DI (p = 0.019) and DI with MI (p = 0.0037) remained highly signifi cant at multivariate regression after adjustment for psychiatric diagnoses and measures of dose-duration exposure to common addictive drugs. The qualitative appearance of the surfaces of best fi t for the relationship between age, DI and MI was different in the two groups. Conclusions These results suggest that the robust statistical association between dental and mental pathology may be related to common underlying pathophysiological mechanisms such as a progeroid or stem cell defi ciency process in clinical addiction. mortality, variously estimated at 10-70 times that of control populations. 20, 22, 25, 28 The stereotypical unkempt appearance of many street SUD patients is well known. However, the existence of a signifi cant literature demonstrating that addictive drugs impair cell growth 29 on the one hand and stimulate cellular apoptosis [30] [31] [32] [33] [34] on the other, suggests that it is theoretically conceivable that substance dependence might actually be accelerating the ageing process in accordance with the cellular hypothesis of ageing. 35, 36 Indeed, the ageing process itself has increasingly been characterised as a stem cell disorder. [37] [38] [39] [40] Our interest in this fi eld was triggered when we noted that hair greying occurred more frequently in our SUD patients than in patients who did not present with addiction (N-SUD) and formal quantitation of this hypothesis demonstrated a highly signifi cant difference between SUD patients and our medical patients who we used as a control sample of convenience. 41 Hair greying of course is the sine qua non of human ageing, and has been shown to be due to a stem cell failure amongst the hair bulge melanocytic stem cells. [42] [43] [44] Several recent papers from this clinic and elsewhere document the increased incidence of pathologies associated with ageing in SUD patients. In addition to greying of the hair, these pathologies include severe dental disease, 45, 46 atherosclerotic coronary disease, 30, 31 osteoporosis, 47, 48 neuropsychiatric disorders 16, 49 and lowered sperm count. 50, 51 Direct demonstration that this is related to lower circulating stem cell counts has also been reported in this group 52 and the suggestion that this may in turn be associated with disorders of DNA repair may be implied by the fi nding of an elevated incidence of cervical malignancy amongst substance dependent females. 53, 54 The hypothesis that addiction might be accelerating the ageing process was further strengthened by our recent demonstration from clinical biochemical and immunological results that various immune and biochemical markers followed an altered and apparently progeroid time course in SUD patients compared to medical controls. 55 Considerations such as these prompted us to examine whether a possible link might exist, at least at the statistical level, between the dental and mental disorders previously described in our clinic population, 45, 53 for much the same reasons as Kirkpatrick and colleagues sought confi rmation of the view that schizophrenia might represent a systemic disorder 14, 15 in that both the limbic system and the dentition 56 require appropriate stem cell function to maintain optimum health and function. Moreover, there have been several recent reports of an oral-systemic disease link, for which aggressive periodontitis is a marker. 1, 6, 57, 58 Our interest was therefore considerably stirred when we noted a statistical association between the dental and mental pathologies of patients. While this association is observational only and mechanistic studies have for the most part not as yet been completed, the intriguing consistency of this fi nding with a progeroid model of the pathophysiology of addiction together with the various ramifi cations of such a conceptual paradigm motivated the present report in the hope of stimulating the investigative interest of other groups.
METHODS
Patient selection and surveys
Consecutive patients were selected presenting to our family medicine clinic in 2005. They were asked a number of questions relating to variables of interest and their mouth was examined medically, as has been described. Substance dependent patients presented specifi cally for management of their addiction, while medical patients presented for some other medical problem. Details were recorded on a hard copy spreadsheet and the data entered into an Excel spreadsheet.
Drug use
Drug use was determined by personal recall. Patients were asked specifi cally for their lifetime use of tobacco, alcohol, cannabis, heroin, morphine, methadone and amphetamines, with relation to the usual dose consumed and the total duration (termination date to initiation date) for which it was used.
Mental status
The psychiatric status of the patients was determined as has been previously reported. Patients were asked to give their psychiatric history from personal recall. The diagnoses of particular interest and to which patients were asked to respond were depression, anxiety, bipolar disorder, psychotic illness, schizophrenia, mental retardation, ADHD, aggression and epilepsy. The number of diagnoses they provided was simply summed to form a number of psychiatric diagnoses. The severity of those psychiatric diagnoses were scored by the clinician 1, 2 or 3 as follows: 1 relates to inactive or controlled disorders, 2 relates to average intensity, and 3 relates to a disorder of severe nature such that the life course was altered by it, and major treatment and/or hostel accommodation and/or multiple hospitalisations were required. The mental index (MI) was calculated as the product of the number of disorders multiplied by the severity score.
Dental status
The techniques for determining dental status have been previously reported. 45 Teeth were examined by a medically trained practitioner only as dental services were not readily available to these patients. Teeth were scored as 'absent' if they were not clinically detected in the mouth. Teeth were scored as 'rotten' if the supra-gingival portion was more than 50% eroded by apparently carious processes. The number of absent and rotten teeth was summed (A + R). A Dental Severity Score (DSS) was assigned to the overall dentition according to the following protocol: (1) fi ne-normal; (2) mild, if only mild abnormalities were present; (3) mild to moderate, if the abnormalities were between mild and moderate; (4) moderate, if two or more teeth were 50-100% absent; (5) moderate to severe, if the abnormalities were between moderate and severe; (6) severe, if six or more teeth were either absent or 50% absent; (7) very severe, if most teeth were absent and/or there was severe periodontitis in the associated gum tissue. The severity factor associated with these various grades were as follows: 1.0, 1.5, 2.0, 2.5, 3.0, 3.5, 4.0. The dental index (DI) was defi ned as the product of the number of rotten and absent teeth multiplied by the dental severity score (DI = (A + R) × DSS).
RESEARCH Data analysis and statistics
Data is listed as mean ± S.D. Statistical tests were performed for Student's T in Microsoft Excel, for dichotomous categorical variables by Chi squared tables in EpiInfo from the Centres for Disease Control in Atlanta, Georgia, and multivariate regression and graphs were prepared using 'Statistica' software from Statsoft, Tulsa, Oklahoma on a Dell personal computer. Multivariate regression was performed using the standard technique in the General Regression Module of Statistica. Missing data was deleted. For the purposes of examining the interaction between age and addiction status only, the age variable was categorised into three groups. P <0.05 was considered signifi cant.
Ethical approval
Patients were studied as one component of their clinical care during routine scheduled appointments at the clinic. All work was undertaken with explicit informed patient consent. All studies were carried out in accordance with the Declaration of Helsinki, and were approved by the Human Ethics Research Committee (HREC) of the Southcity Family Medical Centre, which is a National Health and Medical Research Council of Australia registered HREC.
Funding
No external source of funding was available.
RESULTS
Sample size characteristics are listed in Table 1 . While there were 249 patients in the SUD group and 134 in the N-SUD group, the groups had a substantial age disparity. The mean ages (± S.D.) were 32.69 ± 8.12 and 46.25 ± 20.67 years in SUD and N-SUD groups, respectively. Limiting consideration to only those patients less than 57 years of age eliminated this disparity, and the two groups then had mean ages of 32.59 ± 7.98 and 35.69 ± 8.12 years, respectively (p = 0.074). This had the effect of removing from consideration 0.40% and 32.09% of the two samples, respectively. The group less then 57 years formed the main focus of the analysis. The gender ratios were 70.97% vs 59.34% male respectively (p = 0.042). The drug use in the group less than 57 years of age is recorded in Table 2 for average amounts of drugs used by class, for the duration in years for which they were used, and for the various dose-duration products for the various common drugs of abuse in Australia. Inspection of this table reveals that the SUD group used more addictive substances both of the legal and the illicit class than the N-SUD group, and that the change occurred with a high degree of signifi cance across all drugs and all classes. For the dose-duration products, the between group difference was particularly highly signifi cant. Figure 1 shows the time course of the dental index and mental index with age, along with their respective lines of best fi t. There appears to be a clear separation of the two groups with age. As has been previously reported, there is a clear separation between the SUD and N-SUD groups for both of these indices. The mean (± S.D.) dental index was 15.11 ± 25.99 and 9.36 ± 21.57 in the SUD and N-SUD groups respectively (p = 0.041), and the mean mental index was 2.63 ± 2.76 vs 1.21 ± 1.77 (p <0.0001) respectively.
Table1 Sociodemographic characteristics of study patients
The interaction factor for the mental index calculated between age and addiction status approached signifi cance at p = 0.082 in the whole group and p = 0.091 in the group less than 57 years. With respect to the dental index the interaction factor for age and addiction status was signifi cant at p = 0.046 in patients younger than 57 years, and p = 0.149 in the whole group. Figure 2 shows the relationships between the dental and mental indices. The bivariate correlations between dental index and mental index were signifi cant in both the SUD and the N-SUD groups as shown in Table 3 , both for all ages and in the age adjusted group less than 57 years of age. As shown in Table 3 , the relevant correlations were signifi cant at the p = 0.001, 0.030 and 0.003 levels in the N-SUD group, the SUD group and the whole patient group at all ages, and at the p = 0.02, 0.030 and 0.001 levels for patients less than 57 years of age. Other statistics of the bivariate correlations are listed in Table 3 .
The bivariate and multivariate associations of the dental and mental index 
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have previously been reported. 26, 45 It was of considerable interest to note, however, that at multivariate regression the reported bivariate associations between the dental and mental index continued to be signifi cant, even after adjustment for other variables. This analysis was performed for patients of all ages, as age could be included as a variable in the model which was therefore age adjusted appropriately. Hence when the mental index was regressed against measures of dose-duration of the use of tobacco, alcohol, cannabis, amphetamine, heroin, morphine, methadone, gender, addiction status and age, the following variables (in order) proved statistically signifi cant: cannabis use, amphetamine use, addiction status, alcohol use and the dental index (univariate F 1,369 = 5.50, β = 0.1237, p = 0.0194; whole model R 2 = 18.14%, df = (12,369), F = 8.0364, p <0.00001). Similarly, when the same group of variables together with the selected psychiatric diagnoses anxiety and depression were regressed against the dental index, the following variables (in order) were shown to be signifi cant: age, the mental index (univariate F 1,363 = 8.52, β = 0.1757, p = 0.0037), the dose-duration product of tobacco and methadone use, and the dose-duration exposure to morphine (whole model R 2 = 21.70%, df = (14,363), F = 8.4647, p <0.00001). Figure 3 illustrates that the relationship between age, the dental index and the mental index as determined by the statistical surface of best fi t (adjusted by negative exponential smoothing) appears to be quite different in the addict and non-addict groups. Whereas the general trend in the N-SUD patients is for age, the dental index and the mental index to be weakly positively associated, in the SUD group the most severe dental and mental index appear to be more associated with the younger ages, and for the average changes to be much worse. Some of these differences are refl ected in scatterplots in Figures 1 and 2 .
DISCUSSION
The main results of this study are that the dental and mental indices previously described are statistically associated in a highly signifi cant manner. In a group of opiate-dependent patients and an age comparable group of medical controls, and in all patients combined, the correlational statistics for the dental and mental indices were highly signifi cant on bivariate analysis. These relationships were suffi ciently robust so that in multivariate analysis on controlling for various drug-related and clinical parameters, the signifi cant association remained. It was also of note that in a three-way qualitative analysis between age and the dental and mental indices, the surfaces of best fi t appeared to follow different patterns in the two patient groups.
Stem cell activity has been found to be critically involved in both pre-and post-natal tooth development [59] [60] [61] [62] and dental stabilisation in the periodontal ligament, 63, 64 involved in endothelial processes in tooth development, 65 and very involved in the immunological surveillance and counteraction of the intense infective stimulus of the oral fl ora in the gingival sulcus. 66 A serious hypothesis has developed that dental disorders may be associated with other systemic illnesses characterised by increased infl ammation, such as carotid atherosclerosis, 1, 6 and this enjoyed currency particularly at the National Institute of Dental and Craniofacial Research (NIDCR), 58, 67, 68 although contrary evidence has also been described. 57 Similarly, it is now well known that there is intense interest in the role of stem cells in the adult brain, particularly with reference to function in memory [69] [70] [71] and emotional stability, 72-75 two areas which are particularly vulnerable in drug addiction. [76] [77] [78] A focus on cellular health, growth renewal and replication as is suggested in general terms by this report explains several seeming paradoxes in addiction medicine, such as a fi nding that on a genome-wide screen for genes up-regulated in addiction, genes corresponding to synapse formation, intracellular signalling and transcription factors were found to be most signifi cantly altered 79 and have been specifi cally identifi ed in studies of brain ageing. 80 Cortical regions such as the prefrontal lobes, the right inferior frontal gyrus, the dorsolateral prefrontal cortex, the anterior cingulate and the deep white matter of the frontal lobes, well known to be impaired in addiction, 54, 55 have also been identifi ed as sites particularly vulnerable to age-related declines. 81 Medial temporal lobe including hippocampal volume loss has also been defi ned with age, and is an area well known to be involved with working memory and its disorders. Indeed a 60% reduction in hippocampal neurogenesis is known to occur from adulthood to old age in the rat. 82 Age-related changes in dopamine concentration, transporter availability and D2 and D3 receptor density 81 and glutamatergic synapse dysregulation, 83 all of which have been identifi ed as critical changes in addiction neuroscience, have been identifi ed in the non-demented aged.
Similarly, an unexpected fi nding that hypertrophy of basal ganglia nuclei occurs in stimulant users [84] [85] [86] [87] might be explained by altered patterns of neuronogenesis and gliogenesis in response to brain injury or chemical insult [88] [89] [90] [91] [92] and is consistent with the increased magnetic resonance spectroscopy signals for 'activated glial' cells and reduced neuronal metabolism which has been obtained from these structures. 54, 67 Neural stem cells normally differentiate into both glia and neurons, and in animals the latter migrate anteriorly in the rostral migratory stream to the olfactory bulb. Under the infl uence of toxins, and in a dopamine sensitive manner, the ratio of differentiation into the glial lineage increases and the glial progenitors move laterally into the basal ganglia which are thus seen to hypertrophy. A substantial 42 cm and 3.5 kg defi cit of whole body growth over two years has been identifi ed in a major NIH study of ADHD children treated with stimulant medication, 30 which would clearly be consistent with the combined effects of a direct inhibition of cell growth together with appetite suppression. A recent paper from Sydney identifi ed a rapid age-related progression of cardiac (including coronary atherosclerosis), pulmonary, hepatic, renal and multisystem disease in a group of decedent intravenous drug users, 27 again implying that more generalised underlying mechanisms may be operating.
The very high rate of major and problematic psychopathology in addiction is increasingly well recognised 77, 78, 93, 94 and it has recently been suggested that schizophrenia itself may refl ect a syndrome of accelerated ageing, not just in the brain but throughout the organism. 14, 15 Indeed, an association between treatment naïve non-affective psychoses and diabetes and the increased pulse pressure noted in older patients has been described. 15 An association between maternal prenatal stress and the risk of developing schizophrenia in later life has also been noted, 15 and the role of stress in addiction is a major topic of ongoing investigation. [95] [96] [97] [98] In the context that ageing is increasingly being seen as a disorder of stem cell function and tissue repair, and that addiction is associated with an acceleration of age-related processes, 27, 41, 52, 55 the possible conceptual issues raised by the present observational enquiry are of particular interest. It is worth considering the extent to which the fi ndings of this study are generalisable to other populations. While the present author is not aware of any particular differences in racially different groups in the terms discussed herein, more detailed description of such variations would require further studies. Similarly it is noteworthy that many of the deleterious changes described are likely to be exacerbated in conditions of socio-economic disadvantage, and most likely also in conditions of over-nutrition. Again further, more detailed work is required to address such issues.
The present study provides only limited insight into mechanistic pathways which might account for this fascinating association. While indices of the lifetime consumption of drugs were related to both dental and mental pathologies themselves, this clinic does not as yet possess the technical capacity to link these results with cellular, stem cell or molecular markers of cellular senescence, cell cycle activity, or DNA damage. Moreover, as we had no information on other measures of lifestyle adversity such as overdose histories, nutritional inadequacy, lifetime trauma, imprisonment or stress, it is conceivable that either lifestyle or pharmacological mechanisms might be responsible for many of the perturbations described. Our study had several other limitations. The observer was not blinded to the status of the patients. The somewhat subjective nature of the severity score assignment for the dental and mental indices leaves this work open to a charge of bias. Formal measurement by trained dental clinicians and psychologists respectively would be recommended in a formal funded study. The use of molecular and cellular laboratory measures of ageing and senescence would be preferable to avoid some of these limitations. Again, the use of several markers of cellular ageing and the use of several molecular measures of age-related change would be preferred. While such shortcomings are acknowledged, given the salience of the present fi ndings and their consistency with a wider body of data relating to the basic sciences of addiction, it is not believed that these limitations are irrefutable. On the other hand, the study does have several strengths such as drug use information, data on disparate pathologies, timeliness, a novel conceptual framework, a substantial sample size and the relatively limited use made of statistical testing.
In summary, this study extends previous work documenting the well known increased rate of psychiatric co-morbidity and severe dental pathology occurring in substance use disorders by showing that simple summary indices of these two pathologies share a robust statistical association on both bivariate and multivariate analysis in our clinical population. While multivariate associations of both indices separately suggest that they are associated with various measures of lifetime drug use, a causal basis for this interesting association has not been elucidated. Clinical studies such as this and other recent work invite further mechanistic and molecular studies. The tantalising suggestion that one such link could be mediated through stem cell or progeroid processes particularly invites further investigation.
